To examine the effect of divergent selection for serum immunoglobulin M (IgM) and G (IgG) levels two pairs of chicken lines of four generations were selected. The base population from which the experiment was started composed of six lines . Serum IgM and IgG levels and changes in gene frequencies of blood groups and blood protein loci were monitored for all individuals in each generation.
lines, respectively20). The frequency of the B21 in the unselected control line was 11%20) . Gene frequencies of the B21 and B13 were 99% and 98% in the high and low line, respectively, after 13 generations of selection15). van der Zijpp25) also observed changes in gene frequencies at the B complex, with an increase in the frequency of the B21 within the line selected for high antibody response.
Improved disease resistance may also be achieved without challenging animals with disease agents. An infectious challenge is a common form of stress encountered by growing animals and it has so far been practiced to improve the immune capacity of chickens. Regardless of the outcome, a stress response is indicated by decreased growth rate and quantitative changes in nutritional requirements.
Moreover, in the antigen specific selection, the selected lines have higher antibody production against the antigens used for selection and to the relevant antigens.
Therefore, selection of chickens on the basis of serum immunoglobulin isotypes, which represents the response to a wide variety of unknown antigens, may be a useful tool in this regard. However, considerably less attention has been paid towards this technology thus far. Therefore, the purpose of the present selection program was to develop divergent chicken lines for serum IgM and IgG levels and to determine the effect of divergent selection on the changes of gene frequencies of blood proteins and blood groups in the chicken lines.
Materials and Methods

Chickens
Six chicken lines HA, LA, HG, LG, C, and GSP were used to construct the base population. From the base population, each of 10 sires and 20 dams were used to establish the parent stock, high IgG (HIG), low IgG (LIG), high IgM (HIM), and low IgM (LIM) lines, respectively. Thereafter, individual phenotypic selection was carried out within each closed line for serum IgM and IgG levels at 10 weeks of age. Details about these lines have previously described21). Chicks from all the lines were hatched with a single hatch and reared together under the same environmental condition. Simultaneously, at hatching all the chicks were wing banded and vaccinated against Marek's disease. They were also administered Fowl Pox and Newcastle disease vaccine as per schedule. Chickens of all the lines were provided tap water and a commercial diet ad libitum.
Nomenclature of blood group alleles and blood typing
The nomenclature of the blood group alleles in the present study was given by Okada and McDermid17), except B21. In each generation, birds of all the lines were blood typed with specific alloantisera for blood group systems A (Z, R, and P), B (A, G, N, T, and 21), D (Q and S), and E (W and Y) by hemagglutination at six weeks of age.
Determination of blood protein loci The blood protein loci of all the birds in each generation were determined by horizontal starch gel and polyacrylamide gel electrophoresis. Alkaline phosphatase (Akp, akp, Akp-2a, and Akp-20) and hemoglobin (Hb-1A and Hb-1B) were analyzed by starch gel electrophoresis. On the other hand, esterase (Es-1A, Es-1B, and Es-1C)and transferrin (TfA, TfB , and TfC) were determined by polyacrylamide gel electrophoresis.
Estimation of gene frequencies Table 2 .
Least squares means and standard deviation for IgG values (mg/dl) in four successive generations of selection A, B Means of combined sex within the column with no common superscripts differ significantly (P<0 .01).
HIG=high
IgG; LIG=low IgG. n=No. of chickens used in each generation of selection. ** Sex means within the lines differ significantly (P<0 .01).
IgG values in sexes and lines for HIM and LIM lines and HIG and LIG lines, respectively. A significant difference (P<0.01) was observed between the sexes of the HIM line in the first and second generation of selection. In the LIM line, a sex difference was observed only in the first generation.
Even after single generation of selection, a significant (P<0.01) line difference was observed and followed in the subsequent generations. In contrast, in the IgG selected lines, sex difference was significant (P<0.01) only in the HIG line at the first generation of selection. The the frequency of the akp and Akp-20 increased in both lines. Gene frequency of the Hb-1A increased and Hb-1B decreased in both lines. The effect of divergent selection for serum IgG on the changes of gene frequency of blood proteins in the HIG and LIG lines is presented in Table 4 . After three generations of selection, the Es-1A increased in the HIG line and decreased in the LIG line. Whereas, the frequencies of the Es-1B and Es-1C followed the same pattern in both lines. Gene frequencies of transferrin (TfA, TfB, and TfC), alkaline phosphatase (Akp, akp, Akp-2a, , and hemoglobin (Hb-1A and Hb-1B) loci changed in a similar direction in both lines.
In the IgM selection, the frequencies of the R and Z alleles of the A blood group locus decreased and the frequency of the P allele increased in both lines (Table  5 ). In contrast, the frequencies of the BA and B21 alleles increased and the frequencies of the BG and BN alleles decreased in the HIM line, and it was just a reverse in the LIM line. The frequency of the BT allele became flat in the HIM line and it was zero in the LIM line. The frequencies of the Q and S alleles of the D locus were almost flat in the HIM line. On the other hand, the frequency of the Q allele decreased and the frequency of the S allele increased in the LIM line. The frequencies of the W and Y alleles of the E locus were almost stable in both lines.
The effect of divergent selection for serum IgG on the changes of gene frequencies of blood groups in the HIG and LIG line is presented in Table 6 . After four generations of selection, the frequencies of the R, Z, and P alleles of the A blood group locus became almost flat in both the HIG and LIG lines . However, the frequency of the R allele became zero and the frequency of the BN allele became zero in the HIG line, but it was almost flat in the LIG line. Similarly, the frequency of the Q allele increased and the frequency of the S allele decreased a little bit in both lines. The frequency of W allele decreased and the frequency of the Y allele increased in the HIG line, reversibly, the frequency of the W allele increased and the frequency of the Y allele decreased in the LIG line.
Discussion
In this study, divergent selection for serum IgM and IgG levels resulted in a significant line differences during the course of selection. In both the low lines of LIM and LIG, selection response seemed not significant between generations, though it might be mainly caused by environmental variation at each generations, it is difficult to clear the environmental effects because of lack of control population. However, several more generations of selection may be necessary to obtain constant differences between the 
